Purpose: The aim of this article is to analyze dental abnormalities in unilateral cleft lip and palate patients by focusing on the role of the secondary alveolar bone graft (SABG) surgery and its outcomes on canine eruption/inclusion. Materials and Methods: A sample of 24 patients with unilateral cleft lip and palate were selected.
1
More specifically, patients with cleft lip and palate suffer from many functional and esthetic defects [2] [3] [4] [5] such as dental anomalies. [6] [7] [8] [9] [10] These dental anomalies are more likely to exist in the deformed side rather than in the nonaffected side 11 and in healthy patients. 6, 7, 12, 13 These malformations, which can affect both the permanent and deciduous dentition, 11, 14 can be subgrouped as follows: number abnormalities, [15] [16] [17] [18] [19] [20] incorrect eruption, 9, 21 ectopic, transposed, and irregular shaped teeth.
14 Lateral incisive agenesis in the cleft area definitely represents the most common alteration found in these patients with a percentage between 48.8% 13 and 58.6%. 22 Notably, some authors argue that the lateral incisive agenesis might adversely affect correct canine eruption 23 whereas others claim that it does not seem to play any important role. 24 Canine bud inclination at the inner part of the alveolar bone is generally considered one of the most important aspects that increases the risk of canine inclusion. 13, 25 The aim of this article is to analyze all the dental abnormalities in cleft lip and palate patients by focusing on the role of secondary alveolar bone graft (SABG) surgery and its outcomes on the canine eruption/inclusion.
MATERIALS AND METHODS

Patients
Our study targets those patients affected by unilateral cleft lip and palate who were treated with SABG surgery at the Maxillofacial Surgery Department of Umberto I Hospital in Rome from 2000 to 2014.
Initially, 31 of 55 patients were excluded since none of them respected the inclusion criterion of being registered and treated as patients since birth.
Consequently, we considered only those who had completed a full clinical and radiographic follow-up with either orthopantomography (OPT) or computed tomography (CT): we observed the eruption of the frontal dental group and, particularly, of the canine. Therefore, we had a final sample of 24 patients who had a mean age of 9 years and 3 months (Table 1) .
In this article, we provided a full documented clinical report made of: intraoperative photographs of the SABG surgery; intraoral photographs; and set of x-rays such as OPT and CT pre and postsurgery. The intraoral photographs were taken in mixed dentition before orthodontic treatment and surgery (Fig. 1A) , mixed dentition with orthodontic brackets after surgery (Fig. 1B) , and 2 photographs of the patient's final bite (Fig. 1C-D) .
The radiographic set includes 2 OPT, a panorex before the surgery and a CT cone beam postsurgery. The OPT were performed at 8 years old before surgery and at 10 years old after surgery.
The ethics committee of Umberto I Hospital in Rome, Sapienza University approved the present study, and all participants signed
Surgical Technique
Alveoloplasty may be classified as primary, secondary, and tertiary depending on the age of the patient. Literature defines primary when the alveoloplasty is performed at the same time as soft tissue repair. If performed at the age of 8 to 9 years before the eruption of the permanent canine, it is classified as secondary; it is classified as late secondary or tertiary if performed in the elderly. 26 On the cleft side, the secondary alveoloplasty surgical technique consists of a wide vertical vestibular incision far from the cleft margins and at least 1 to 2 mm larger than the width of the cleft itself.
With this incision, we were able to rotate the mucoperiosteal flap in order to close the alveolar defect on the palatal side far from the graft; moving to the cleft side, the vertical incision starts from the cleft margin and it then extends along the papillae for at least 2 or 3 teeth with periosteal and vestibular release incisions ( Fig. 2A-B) . These 2 incisions lead to, respectively, a complete release of the flap and a fully covered graft. The flap must be of a suitable dimension to avoid suturing above the graft itself. Subperiosteal dissections on the palatal side should be carefully performed only when there is a need to obtain a correct sutured rotating flap.
The bone graft is performed using the autologous iliac crest bone with a 4 to 5 cm incision parallel to the iliac crest, keeping a distance of 1.5 cm below the Anterior Superior Iliac Spine in order to avoid any injuries to the lateral femoral cutaneous nerve (Fig. 3A) . During this process, several bone chips are collected ( Fig. 3B-C ) and then inserted into the mucous pocket that was previously prepared 26 ( Fig. 3D ).
Methods of Analysis
Two OPT of the patient were analyzed in mixed and permanent dentition, pre and postsurgery.
The analysis focused on the lateral incisive on the cleft side, extra agenesis in the unaffected area, supernumeraries, canine inclination at 7 years old, canine inclination with root formation pre and postsurgery, distance of the canines from the occlusal plane pre and postsurgery, and sector classification.
In the x-ray examination, we followed the criteria introduced by Ericson and Kurol, 27 that is, alpha angle, distance, and sector. The inclination of the canine's bud was considered on the basis of the so-called alpha angle; that is, the angle created by the intersection of the canine's long axis and the median line. This angle was used to analyze the canine angulation pre and postsurgery and it is considered by the authors as a risk factor if major or equal to 158.
The distance is measured between the canine cuspid tip and the occlusal plane and was classified in 4 different degrees: 25%, 50%, 75%, and 100%.
The sector is where the cuspid of the canine is located-sector 1: between 2 lines tangent to distal and mesial contour of deciduous canine; sector 2: between the line tangent to the distal contour of the lateral incisor and its long axis; sector 3: between the lateral incisor long axis and the line tangent to the distal side of central incisor; sector 4: between the distal line of the central incisor and its long axis; and sector 5: mesial to long axis of the central incisor.
According to Ericson and Kurol, 27 the more mesially located the crown of an impacted canine, the lower the possibility of its eruption; this leads to the lowest possibility of eruption in patient with canines in sector 4 or 5.
Also Stivaros and Mandall 28 used an alpha angle: Grade 1 is considered from 08 to 158; Grade 2 from 168 to 308, and Grade 3 from 31. This alpha angle is similar to the angle introduced before The 27 as the risks of impaction increase with the growth of the angle.
Eventually, we examined the canine eruption that could be either spontaneous or induced by the surgical-orthodontic traction; we also compared the eruptive stage of the canine with the contralateral canine in the unilateral cleft or between the 2 canines in the bilateral cleft.
Statistical Analysis
The software R-Studio (R Core Team 2013. R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria) was used in order to conduct the statistical analysis: particularly, the Pearson chi-squared test and the linear regression model were the tests made upon the collected data.
Person chi-squared test examines the independence condition between the inclination and the eruption of the canine and also the radicular development, agenesis, and supernumeraries. The linear regression model assesses the nature of the 2 main relationships of the variables that we considered: their potential linear dependence before and after the surgical operation and the comparison between the operated side and the nonoperated side.
Pearson chi-squared test with the Yates continuity correction checked if 1 or more ageneses influenced the canine eruption.
The results were interpreted considering a 95% confidence interval level and a required P value lower than 0.05.
RESULTS
Canine Eruption
Out of the 24 patients, 87.5% presented a canine spontaneously erupted in the dental arch while 12.5% needed a surgicalorthodontic traction.
Canine Inclination (Alpha Angle)
As summarized in Figure 4A , the values of the angle between the canine and the median line are higher on the affected side compared with the nonaffected side.
The need for traction was statistically examined as follows: failure if existent, success of the surgery otherwise.
There is not any statistically significant correlation between the inclination of the canine in the cleft side and its eruption before (P ¼ 0.5889) and after (P ¼ 0.4029) surgery.
Canine eruption can be said not to be related with the inclination variable before and after surgery and there is no any correlation between the 2 sides (P ¼ 0.1257).
Distance From the Occlusal Plane
This analysis was conducted by considering the distance between the bud of the canine and the occlusal plane as the base value for the statistical evaluation. The result should be then interpreted on a scale from 0% to 100% (the canine is completely erupted in the dental arch).
We obtained a decreasing value that suggests that the canine progressively moved toward the superior dental arch (Fig. 4B) .
The SABG treatment has an important role (P ¼ 0.009242) for the canine to erupt on the surged side providing adequate bone support. However, the canine on the opposite side was not influenced by the SABG treatment (P ¼ 0.4698). Figure 5A and B shows the above-mentioned analysis and the alpha angle analysis on the OPT of the chosen patient.
Canine's Cuspid Sector
The patients included in this study were divided into different groups based on the sector according to Erickson and Kurol 27 analysis.
Twenty-one patients were divided into sector 1 and sector 2 except 3 patients who underwent the surgical-orthodontic traction that belonged to sector 3.
Our analysis supports the theory, according to Ericson and Kurol, 27 that the more mesially located the crown of an impacted canine, the lower the possibility of its eruption. Figure 5C and D shows this analysis on the OPT of the chosen patient before and after surgery.
Radicular Development
There are no any significant differences between the canine root formation on the affected side before and after the SABG surgical treatment, compared to the unaffected one: this confirms the effectiveness of the operation. Overall, we can claim that such surgery has a positive influence on canine's root development (P ¼ 0.005163) (Fig. 6 ). 
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Agenesis
Out of the 24 patients analyzed, 7 of them (29.17%) had 1 agenesis on the lateral incisors but they did not need any surgicalorthodontic traction in order to allow for correct canine eruption. The other 3 (12.5%) presented 1 agenesis of second premolars.
The existence of the lateral agenesis is not statistically correlated with the canine itself: this implies that the canine is not influenced during its eruptive process (P ¼ 0.8493) as well as no evidence can be found for the agenesis of the second premolars (P ¼ 1).
This argument is further sustained by the statistical analysis that takes into account all the agenesis since the P value is far too high (P ¼ 0.3478).
Supernumeraries
Six patients (25%) showed supernumeraries: 4 of them (16.7%) had only 1 supernumerary while the remaining 2 (8.34%) had 2. Particularly, these 2 patients have been treated with a surgicalorthodontic traction. As a consequence, supernumeraries and canine eruption are statistically correlated (P ¼ 0.0004464).
DISCUSSION
The main role of the SABG surgery is to provide appropriate alveolar support, not only for the teeth, but also for the anterior maxilla and the nasal base.
Alveoloplasty aims at providing enough bone in order to be able to carry any dental implant and also to close the oronasal fistula. 26 In order to properly compare the most commonly used surgical techniques, we analyzed both the national and international literatures focusing on the long-term results related to the eruption of the main elements of the frontal sector (the canine, most importantly).
The most widely used techniques are the followings: primary alveolar bone grafting, SABG, tertiary alveolar bone graft, primary gingivoperiosteoplasty (PGPP), and secondary gingivoperiosteoplasty.
Among them, the PGPP and the SABG are the ones that showed valid and significant outcomes; however, when it comes to the very utility of the PGPP, several authors, [28] [29] [30] except for Sato and Grayson, 31 are still very skeptical considering the alteration of the facial growth as the major drawback.
Contrary to the PGPP, the SABG results to be one of the most adequate and effectively used techniques by the above-mentioned authors: the main reason is that it is progressively shaped according to the physiological development of the patient. 9,25,32 -34 This is evidenced by the fact that the patient is around 9 years old, that is, just before the physiological canine eruption when treated.
In fact, the eruption of the canine gives us the desired growth of the graft; given that the canine is vital, we can definitely claim that the surgery had a positive outcome. 13, 26, 29, 31 The final patient's CT follow-up at 14 years old proves the concrete outcome of the surgery with an adequate amount of alveolar bone in the cleft area (Fig. 7) compared to the panorex created from the CT before surgery (Fig. 8) .
The SABG surgical technique can be considered to be a valid choice for the treatment of unilateral cleft lip and palate patients.
The surgery is always associated with an orthodontic/orthopedic treatment: this is fundamental for a correct alignment of the teeth.
Although the angles are generally higher than the threshold of 158 introduced by Ericson and Kurol, 27 in this study the canine is always found in the arch and it is characterized by a complete root formation within the surgical site. 28 Therefore, the inclination level that exceeds this 158 limit is not connected to a higher inclusion risk. 30 Between 25% and 50% of the general population are affected by impacted teeth, with the incidence of upper canine impaction reportedly ranging from 0.92% to 4.3%, respectively. 35 In our study, 12.5% of patients underwent to a surgical-orthodontic traction compared with the 3.7% of a sample of 2200 orthodontic patients and to the 1.9% of a 4250 sample of people from a general population investigated. 36 Contrary to what is claimed by the most important literature (need for orthognathic surgery for unilateral cleft lip and palate patients is around 48.3% 37 ), our retrospective study showed that only 1 patient out of 24 (4.17%) was treated for the correction of a skeletal class III malocclusion.
Moreover, despite the numerous papers that support the idea of lateral incisive playing a key role in the canine eruption, our study does not recognize any negative influence 24 : this happens both when the canine was removed during the surgical operations and in the presence of an agenesis.
There is also a correlation between supernumeraries and canine eruption (P ¼ 0.0004464).
